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THE  ENVIRONMENTAL  BEHAVIOR  OF  TRANSURANIC  NUCLIDES 
LEAKED  FROM  WATER-COOLED  NUCLEAR  POWER  PLANTS 


INTRODUCTION 
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Pursuit  of  this  approach  has  led  us  to  study  a  substantial 
number  of  releases  of  artificial  radionuclides,  ranging 
from  worldwide  and  close-in  fallout  from  nuclear  weapons 
tests,  the  liquid  effluent  releases  from  fuel  reprocessing 
plants  in  Great  Britain,  France,  and  the  USA,  leakage  from 
solid  waste  containers  dumped  at  sea,  to  the  discharges 
from  water-cooled  nuclear  reactors  used  for  electrical 
power  production.   In  this  last  project,  we  have  been  sup- 
ported partly  by  the  U.  S.  Nuclear  Regulatory  Commission, 
and  it  is  this  work  we  are  reporting  here 
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MATERIALS 

Through  the  good  offices  of  Mr.  Philip  Stohr,  NRC,  we 
received  from  the  operators  of  the  two  reactors  at  Mill- 
stone Point,  Connecticut  (Millstone  Point  No.  1  and  No.  2) 
and  of  the  Maine  Yankee  reactor  at  Wiscasset,  Maine, 
samples  that  represented  their  periodic  storage  tank  dis- 
charges for  parts  of  the  years  1977  and  1978.   These  were 
replicates  of  the  discharge  samples  that  the  operators 
collect  routinely  for  assay  of  major  radionuclides. 

In  the  case  of  the  Millstone  Point  reactors,  the  samples 
were  adjusted  to  represent  the  monthly  discharge  experi- 
ence.  The  series  we  received  began  with  January  1977, 
continued  through  the  year  (without  samples  for  August  or 
September),  and  through  the  first  four  months  of  1978. 

In  the  case  of  Maine  Yankee,  we  received  a  separate  sample 
to  represent  each  discharge  event,  the  volume  representa- 
tion being  adjusted  for  those  of  the  various  tanks  dis- 
charged.  Discharges  occurred  as  seldom  as  once  or  as 
often  as  eleven  times  a  month.   The  period  represented  by 
samples  we  have  so  far  analyzed  extended  from  20  June 
1977  through  25  March  1978. 
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In  addition  to  the  discharge  samples  provided  by  the  re- 
actor operators,  we  obtained  series  of  samples  of  or- 
ganisms, of  sediments,  and  of  water,  in  the  environments 
of  these  reactors,  and  of  the  reactor  operated  by  Boston 
Edison  Co.,  at  Plymouth,  Massachusetts  (Pilgrim  No.  1). 
Most  of  these  samples  we  collected  ourselves  but  some 
were  provided  by  the  environmental  survey  teams  of  the 
reactor  operators.   In  the  Wiscasset  area  we  were  sub- 
stantially assisted,  through  the  good  offices  of  C.  T. 
Hess,  University  of  Maine,  Orono,  by  the  people  and  faci- 
lities of  the  Darling  Center,  of  that  university.   A  list- 
ing of  these  environmental  sampl es , together  with  their 
status  in  analysis,  was  included  in  the  Progress  Report 
submitted  October  1978  under  the  subject  contract.   As 
discussed  there,  some  additional  samples  have  been  ob- 
tained; additional  analyses  have  been  performed  under  an 
extension  of  the  subject  contract,  and  substantial  num- 
bers, both  of  samples  and  analyses,  that  are  highly  rele- 
vant to  the  interpretation  of  the  NRC-supported  work, 
have  been  completed  with  support  from  other  agencies. 


METHODS 
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We  engage  regularly  in  analytical  intercompari sons  organ- 
ized by  the  International  Atomic  Energy  Agency,  the  U.  S. 
National  Bureau  of  Standards,  or  the  Department  of  Energy. 
Published  reports  of  our  performance  in  some  of  these  may 
be  1 i  sted  as  fol lows : 


1.  Fukai,  Ballestra  and  Murray,  1973.   ]_n  Radioactive 
Contamination  of  the  Marine  Environment  (IAEA,  Vienna), 

pages  3-27. 

2.  Noyce,  Hutchinson,  Mann  and  Mullen,  1976.   j_n  Proceed- 
ings of  International  Conference  on  Environmental 
Sensing  and  Assessment  (Inst.  Electr.  Electron.  Eng., 
N. Y.  )  paper  19-5. 

3.  Volchok  and  Feiner,  1979.   A  radioanalytical  Labora- 
tory Intercompari son  Exercise,  U.  S.  Dept.  of  Energy, 

Rept.  EML-366,  43  pp. 

Other  performance  information  is  either  summarized  or  ref- 
erenced in  the  methods  papers  cited  above,  or  in  the  var- 
ious articles  reporting  and  analyzing  our  data,  that  are 
cited  in  the  Discussion  below. 
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1  results  on  the  discharge  samples  are  set 
tables:   Table  1  dealing  with  Millstone  Point 

2  dealing  with  Millstone  Point  No.  2;  Table  3 
Maine  Yankee.  „Qata,are  presented  for  SSpe, 
137CS,  238pu,  239,240pu,'^24lAm,  24^Cm,  and 

1  nuclides  were,  however,  measured  in  each 
the  shorter-lived  nuclides,  data  are  shown  as 
f  collection  of  the  sample.   In  each  case, 
1  result  has  been  multiplied  by  the  total 

discharge  represented  to  yield  an  estimate 
activity  of  that  nuclide  discharged  in  the 
ented . 


Environmental  Data: 

For  convenience,  the  data  referring  to  the  environmental 
samples,  water,  sediments,  and  biota,  as  well  as  the  Fig- 
ures showing  respective  collection  locations,  are  inserted 
in  the  Discussion  sections  concerning  the  various  reactor 
environments.   Since  most  of  the  radionuclides  that  we 
have  measured  are  not  unique  to  reactor  operations  but  are 
present  worldwide  as  the  result  of  atmospheric  testing  of 
nuclear  explosions,  we  have  included  in  the  biota  tables, 
comparison  data  referring  to  relatively  nearby  samples 
that  we  believe  have  experienced  only  fallout  contamination; 
these  data  derive  principally  from  the  Mussel-Watch  Pro- 
gram (Goldberg  et  al ,  1978,  and  Bowen  et  al ,  to  be  pub- 
lished) supported  by  EPA. 


In  the  order  of  their  insertion 
and  tables  are  as  follows: 
Figure  1:   Millstone  Point  Collecting 
Tabl e   5 :   Mill  stone 

Water. 
Tabl e   6 :   Mill  stone 

chemi  stry 

Mi  1 1  stone 


in  the  text,  these  figures 
Stati  ons  . 


Point, 
Point , 


Conn 
Conn. 


Long  Island  Sound  Surface 
Sediment  Cores  Radio- 


Table 
Fi  gure 
Table 


Point  Environmental  Sampl es  -  Biota . 
Maine  Yankee  Collecting  Stations. 
Wiscasset,  Maine:  Surface  Water  from  Montsweag 
Bay. 
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Table   9:   Wiscasset,  Maine,  Area : Surf ici al  Sediment 
Radiochemi stry  I. 

Table  10:   Wiscasset,  Maine,  Area  :Sediment  Cores  Radio- 
chemistry  II. 

Table  11:   Wiscasset,  Maine,  Area :Envi ronmental  Samples  • 
Biota  I. 

Table  12:   Wiscasset,  Maine,  Area : Envi ronmental  Samples  • 
Biota  II. 

Figure  3:   Sampling  Locations  around  the  Pilgrim  Nuclear 
Reactor,  Plymouth,  Mass. 

Table  13:   Plymouth,  Mass ., Area : Water  and  Sediment  Radio- 
chemistry. 

Table  14:   Plymouth,  Mass ., Area : Envi ronmental  Samples  - 
Biota. 

Table  15:   Biota  Samples  for  Comparison  to  Plymouth  Area 
(Table  14A  &  B). 
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DISCUSSION 


NUCLIDES  STUDIED: 


It  may  be  well  to  preface  this  discussion  with  a  few  com- 
ments on  the  nuclides  measured: 


55f( 


At  the  time 


we  pr 

prevailing  wisdom  at  NRC 
not  55Fe",  and  we  were  a 
from  our  program.  The  b 
of  nuclides,  however  (as 
background  in  radionucli 
it  is  impossible  by  neut 
produce  59Fe  without  sim 
target  nucleus  for  the  1 
dance,  compared  to  0.31% 
neutron  cross  section  fo 
twice  that  for  the  forme 
est  is  in  the  environmen 
long-lived  enough  to  per 
ical  cycling,  and  to  rev 
tions  whenever  they  occu 
actor  output  samples  (th 
arately  by  our  Dept.  of 
them  into  this  report  fo 
substantial  amounts  of  5 
of  these  reactors,  the  5 
0.27  to  3.64  for  the  six 
1. 36 ,  or  of  0.51  on  an  a 
5  5Fe  is  a  significant  pr 
that  offers  valuable  tra 
long-term  environmental 
streams.  Some  relevant 
below  in  connection  with 
and  Pilgrim  1  reactor  en 
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60co  rati 

s  reporte 
-adjusted 

f  these  r 
a  for  any 

of  the  re 
hemical  i 
s i 0 n s  of 
nts . 


osal  , 
produ 
ted  t 
ion  0 
t  sup 
c  0  n  V  i 

natu 
u  c  i  n  g 
s  of 

and 
c  t  i  0  n 

sine 
nucl  i 
rs  of 
up  i  n 
55Fe 
e  sup 
,  and 
uld  b 
lease 
0  ran 

d ,  wi 
basi 

eacto 
one  s 
actor 
nform 
the  M 


i  t  wa 
ce  59f 
0  omit 
f  any 
erf ici 
nces  u 
ral  ir 

55Fe; 
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134 


Cs 


137, 


134, 


137 


Cs  are  produced, and  re- 
in reactor  operations. 


Cs^:   Both  ^-^^Cs  and 

leased,  in  considerable  amounts 

The  very  different  half-lives  of  the  two  nuclides 

(T;^  134cs  =  2.1y;  T^  137cs  =  30. ly)  provide  a  very  useful 

guide  to  the  time  characteristics  of  tracer  Cs  in  environ- 
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ments,  so  long  as  the  release  ratio  is  reasonably  uniform. 
From  the  data  in  Table  1,  the  mean  ratio,  month-by-month , 
from  Millstone  No.  1  was  0.43,  and  weighted  by  the  activi- 
ties released  0.54;  from  Table  2,  the  ratios  from  Mill- 
stone No.  2  were,  respectively,  0.50  and  0.60.   Since  Mill- 
stone No.  1  during  this  interval,  put  out  about  four  times 
as  much  total  radio-Cs  as  did  Millstone  No.  2,  and  the 
ratios,  134(;s  to  137cs,  are  so  close,  it  would  be  possible 
to  use  the  change  in  this  ratio,  in  reasonably  well- 
isolated  samples,  as  a  dating  tool. 

Much  the  same  conclusion  is  supported,  for  Maine  Yankee, 
by  the  data  in  Table  3,  although  the  amounts  of  radio-Cs 
discharged  are  much  lower,  so  that  its  use  as  a  tracer  may 
be  expected  to  be  somewhat  more  difficult. 
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241 

Am:   This  nuclide  in  fallout  has  originated  almost  en- 

ti  rely  from  decay  of  its  parent  241pu.   At  the  ratios  so 
far  observed  of  241pu  to  239,240pu  in  test  debris,  the  in- 
growth of  24lAm  is  not  predicted  to  produce  ratios  above 
0.30  24lAm  to  239,240Pu  until  about  1980.   Of  course  in  geo- 
chemical  settings  where  Am  is  separated  from  Pu,  this 
ratio  changes,  and  we  have  seen  it  as  high  as  1  in  sedi- 
ments from  special  situations.   In  general,  however,  re- 
actor waste  24lAm  can  be  at  least  partly  differentiated 
from  fallout  24lAm  by  its  ratio  to  239,240pu. 
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The  curium  nuclides  were  not  measurable  com- 
ost  nuclear  test  debris.   A  major  reason  for 

ing  this  project  was  the  hope,  based  on  mea- 
Cm  in  shellfish  contaminated  by  the  Millstone 
stream,  that  it  would  offer  us  new,  and  gener- 
tuations  in  which  the  biogeochemi stry  of  Cm 
died.   Unfortunately,  as  shown  in  Tables  1  and 
aste  treatment  process  at  Millstone  wiped  out 
In  the  Maine  Yankee  effluent  we  have  never 
see  any  Cm.   These  data  should  be  reassuring 
though  they  have  been  a  serious  disappointment 
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ENVIRONMENTAL  SAMPLES 

At  least  partly  supported  by  NRC  under  the  subject  contract, 
we  have  performed  radiochemical  analyses  on  environmental 
samples  in  the  areas  about  three  coastal -si  ted  nuclear 
power  stations:   Millstone  Point  Reactors  1  and  2,  Maine 
Yankee  Reactor,  and  Pilgrim  No.  1  Reactor.   Only  from  the 
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TABLE  4 
MILLSTONE  POINT  DAILY  DISCHARGE  ACTIVITY 
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Re 
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Y 

^^^Cs 
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275 

239,240^ 
Pu 

pCi/day 

Jan. 

1977 

4,667±2,000 

Feb. 

1977 

25.0 

10,370±1,700 

March 

1977 

950 

1 

Apr. 

1977 

3.7 

1 

May 

1977 

3,533 

300 

June 

1977 

2 

30.0 

July 

1977 

1,680 

247 

Aug. 

1977 

3 

3 

Sept. 

1977 

3 

3 

Oct. 

1977 

100 

203 

Nov. 

1977 

43.3 

150 

Dec. 

1977 

10.7 
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Jan. 

1978 

52.0 

2,500 

Feb. 
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55.3 

1,037 

March 
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27.7 

1,227 
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130,000 
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'.eactor    #2 
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239,240p^ 
pCi/day 
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3,667±2,000 
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<  67 
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<  33 

1.8 

13.3 
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<  23 

17.3 

133±100 

20.3 

200±133 

380 

67±33 

453 

6.7±3.8 

219 

<  17 

23.0 

59 

39.0 

<  30 

35.7 

<  50 

^  Sample  too  small  for  analysis  at  these  concentrations. 

^  No  data. 

^  No  Sample  supplied. 
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first  two  of  these  reactor  operations  (Millstone  Point  No. 
1  and  2,  and  Maine  Yankee)  do  we  have  relevant  data  for  the 
radionuclide  discharges,  as  set  out  above  in  Tables  1,  2,  and  3. 

Millstone  Point,  Conn.  Reactors  No.  1  and  2: 

In  late  October,  1977,  we  obtained  a  small  series  of  water 
samples  representing  the  reactor  coolant  outflow  stream 
(identified  by  its  temperature  anomaly),  the  source  term  in 
Niantic  Bay  for  the  coolant  intake  (Station  2),  and  two 
Long  Island  Sound  points  that  might  have  been  expected  to 
receive  reactor  outflow  water  after  some  circulation  and 
dilution.   In  two  parts  of  the  outflow  plume,  the  inner 
(hottest)  plume,  and  the  outer  (mixed)  plume  envelope, 
large  volumes  of  water  were  passed  through  1  ym  filter  car- 
tridges and  the  particles  so  collected  were  analyzed  sepa- 
rately.  Data  from  these  samples  are  set  out  in  Table  5  and 
can  be  compared  to  the  October  1977  data  shown  for  discharge 
in  Tables  1  and  2. 


Although  the  October  1977  discharges  were  characterized  by 
ratios  as  follows: 
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in  the  outflow  should  be  guided  by  information  that  was 
not  available  to  us.   It  is  quite  possible  that  the  two 
Long  Island  Sound  samples  (#3  and  #4)  both  show  some  ^Spe 
from  Millstone  and  that  No.  3  shows  also  some  137cs,  but 
the  signals  are  yery    small,  so  that  a  large  number  of  com- 
parison samples  (or  large  enough  volume  samples  to  give 
good  counting  statistics  for  134cs  or  238Pu)  would  be 
needed  to  support  this  sort  of  conclusion.   It  would  be 
more  economical  to  be  able  to  undertake  detailed  programs 
of  sampling  water  at  short  intervals  after  known  releases, 
preferably  those  expected  to  represent  substantial  pulses 
of  the  nuclides  to  be  measured. 
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Bowen  (1979)  was  4  to  15  mCi  per  km^  of  fallout  137cs. 
The  inventory  of  Pu  in  core  No.  2,  over  12.1  mCi/km^,  ap- 
pears at  least  as  much  elevated  as  that  of  137cs,  whereas 
the  55pe  inventory  is  not  too  far  removed  from  that  one 
would  expect  in  relatively  oxidizing  fine-grained  sediments. 
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have  experienced  any  non-fallout  source  of  artificial  radio- 
nuclides.  Furthermore,  there  is  not  a  strong  covariance 
of  137Cs  with  Pu  in  these  correlations  (Bowen  et  al   to  be 
published);  New  Haven,  Conn.,  is  a  goou  example  of  this, 
consistently  on  the  high  end  of  Pu  concentrations  but  not 
comparably  high  in  137Cs.   Without  data  of  this  sort  it 
might  have  been  yery   difficult  to  explain  away  the  Mill- 
stone Point  mussel  samples  collected  in  1977  from  either 
area  2  or  the  "Mussel -Watch"  station.   The  comparisons 
available,  however,  convince  us  that  so  far  the  only 
clearly  Millstone-contaminated  biota  samples  we  have  ana- 
lyzed were  those  from  the  effluent  stream  in  the  quarry. 

This  point  appears  to  us  one  that  cries  out  for  follow-up, 
both  by  analysis  of  a  larger  number  of  the  biota  samples 
that  have  been  collected  (see  listing  in  our  Progress 
Report  under  the  subject  contract,  submitted  October  1977), 
and  by  further  sampling  especially  at  periods  of  high  re- 
lease rate  (as  for  instance  in  April,  1978  of  Pu,  or  Jan.- 
Feb. ,  1978,  of  137cs). 
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TABLE   5 

Millstone  Point,  Conn. 

Long  Island  Sound  Surface  Water* 
(Radionuclides  in  disintegrations  per  minute  per  100  kg  water) 


Station 

#2 

#3 

#4 

#5A{outflow 
inner 
plume) 


134 


Cs 


3±3 
2±2 

3.6±2.5 
0.5±0.6 


#5A(particulates  >lp, 
from  outflow, 
inner  plume) 

#5B(particulates  >lu, 
from  outflow, 
outer     plume) 


137 


Cs 


29.6±3.6 
31.8±4.0 
27.0+3.1 
43.8±4.3 


90, 


Sr 


28.6±0.2 
25.5±0.3 
30.4±0.2 
26.0±0.6 


238, 


Pu 


239,240 


Pu 


0.019±0.006 

<  0.003 

<  0.010 

<  0.010 

0.002+0.001 


0.101+0.015 
0.108±0.017 
0.090±0.020 
0.090±0.030 

0.032±0.001 


0.0008+0.0005  0.034±0.003 


For  station  locations  see  Figure  1;  samples  collected  20  October  1979. 


55 


Fe 


7.4±1 
11+2 
llil 
29±2 

26.7+0.2 

12.7±0.2 
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TABLE     6 

Millstone  Point.  Conn. 

Sediment  Coresl  Radiochemistry 

(Radionuclides  in  disintegrations  per  minute  per  kg  dry  sediment) 


A.  Station  2,  Core 

#3 

Section 

1          Wet/ 

55^    8 

137^ 

238- 

239, 24C 

L 

241, 

cm 

Dry 
1.532 

Fe 
1588±41 

Cs 
273±2 

Pu 

n.79±n.04 

21.9±0. 

Pu 
7 

Am 

0-1 

1-2 

2-3 

3-4 

1.40 

1065±26 

411±2 

1.22+0.11 

38.6+1, 

,2 

4-5 

5-6 

6-7 

1.34 

1088±59 

336±2 

0.92±0.09 

32.4±0, 

.9 

B.  Station  3,  Core 

#2 

0-1 

2.03  ^ 

325±46 

600±4^ 

3.27±0.19 

129±3 

32.3±1.5^ 

1-2 

1.65 

274±39 

487±3 

2.58±0.16 

102±2 

2-3 

1.89 

244+49 

603+4 

2.87±0.18 

121±3 

3-5 

31.9±1.6^ 

5-7 

1.95 

245±34 

641±4 

2.47±0.14 

112±7 

7-9 

9-11 

1.83 

388±26 

498±3 

3.37±0.21 

130±3 

11-13 

13-15 

6 

15-17 

1.96 

625±66 

723±3 

6.48±0.15 

215±5 

46.5±1.6° 

17-19 

19-21 

1.93 

... 

483±3 

4.98±0.12 

148±4 

— 

21-25 

25-29 

36.1+1.9  6 

29-33 

1.77 

121+32 

281±2 

3.34±0.22 

92±3 

4 

5 

Inventories, 

mCi/km2 

30.5 

45.5 

12.07 

%  estim.  delivery 

128% 

38.6% 

610% 

Notes:     1  =  For  locations  see  Figure  1;   samples  collected  20  October  1977. 

2  =  70%  >62u,   30%  <62p  from  wet  sieving. 

3  =  34%  >62vi,  66%  <62u,from  wet  sieving. 

4  =  mean  ratio  238pu:239pu  =  0.028. 

5  =  mean  ratio  24lAm:239Pu  =  0.287. 
0  =  No  Curium  detectable. 

7  =  134cs  less  than  1/60  of  134  +  137cs. 

8  =  55Fe  data  decay  corrected  to   1  January  1975. 
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Wiscasset,  Maine,  Maine  Yankee  Reactor: 
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As  we  noted  earlier,  our  environmental  samples  from  this 
area  have  been  collected  either  by  our  own  efforts,  for  us 
by  people  from  the  Darling  Center,  University  of  Maine,  or 
for  us  by  commercial  collectors. 


In  Table  9  are  set  out  analyses  of  a  series  of  surficial 
sediment  samples  collected  by  the  Darling  Center.   These  date 
from  the  time  when  the  reactor  outflow  was  still  directed 
into  Bailey's  Cove,  and  (we  believe)  when  the  outflow  was 
appreciably  richer  in  some  long-lived  radionuclides  than  it 
seems  to  have  been  during  our  sampling  period  as  summarized 
in  Table  3.   The  data  in  Table  9  show  that  during  the  period 
August  1974  to  June  1975,  Bailey's  Cove  received  a  quite 
substantial  release  of  radiocesium  that  is  shown  by  its  high 
content  of  134cs  to  have  certainly  come  from  the  Maine 
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We  take  the  change  in  sediment  radionuclide  concentrations 
at  station  2  from  June  to  December  1975  to  indicate  that 
Bailey's  Cove  is  frequently  flushed,  transferring  labelled 
sediments  to  depositories  elsewhere  in  the  area.   This  is 
confirmed  by  the  analyses  of  1975  sediments  from  stations 
1  and  15  which  show  evidence  of  reactor-originated  contami- 
nation but  with  significantly  lower  ratios  134cs  to  137cs. 


The  two  s 
are  set  o 
At  locati 
depth  cur 
expected 
constant 
to  11  cm, 
radiocesi 
tent.  Th 
239,240Pu 
would  exp 
b  u  t  i  0  n  w  i 
by  Living 


edimen 
ut  in 
on  2, 
ve  com 
effect 
in  the 

sugge 
um  rel 
e  flue 

or  55 

ect  to 
thin  t 
ston  a 


t  cor 

Table 

al  tho 

es  cl 

of  m 

uppe 

sts  t 

eases 

t  u  a  t  i 

Fe  to 

resu 

he  se 

nd  Bo 


es, 

10, 
ugh 
ose 
i  X  i  n 
r  9 
hi  s 
.  di 

It  f 
d  ime 
wen 


col  1  e 
conf 
the  r 
to  ex 
g  dow 
cm  an 
sedim 
f  feri 
with 
Cs,  d 
rom  r 
nt ,  a 

(1979 


cted  in 
i rm  and 
a  d  i  0  c  e  s 
press  in 
nward , 
d  d  i  m  i  n 
ent  col 
ng  grea 
depth , 
0  not  s 
e  s  0 1  u  b  i 
s  d  i  s  c  u 
).   Mor 


1977 
exte 
i  um  c 
g  log 
the  r 
i  s  h  i  n 
umn  h 
tly  i 
of  t 
how  t 
1  i  z  a  t 
ssed 

e  1  ik 


,  for  wh 
n  d  this 
oncentra 
ari  thmi  c 
atio  134 
g  by  90% 
as  seen 
n  age  or 
he  ratio 
he  patte 
ion  and 
for  Pu:l 

ely,  we 


i  c  h  data 
conclusion, 
tion- vs- 
ally  the 
Cs  to  137cs, 

from  9  cm 
only  two 

134CS  con- 
s  of  ei  ther 
rns  that  we 
r  e  d  i  s  t  r  i  - 
37cs  ratios 
bel ieve , 


26 


is  the 
s i 0 n  an 
of  the 
events . 
55Fe  to 
and  ran 
10-11  c 
we  meas 
concent 
the  fac 
is  a  ma 
Maine  Y 
portant 
fal 1  out 
1966  fa 
9.4  (  = 
by  1975 
Al thoug 
di  ffere 
tort  th 

this  CO 
ted  all 
data  re 
ratio  2 
minima , 
depth  0 
excesse 
(250%  0 
4  to  15 
but  a  d 


expl anati 
d  mixing , 
core  and 
In  this 
137Cs  is 
ging  upwa 
m.  Evide 
ured  55Fe 
rations  , 
t  that,  a 
j  0  r  1 0  n  g  - 

ankee  rea 
to  bear 
:  althoug 
1 1  out  was 
55Fe  to  1 

reduced 
h  geochem 

nt  ways, 
e  reactor 

re,  howev 
to  fallo 
ported  b 
38Pu  to 

because 
f  r  a  d  i  0  n  u 
s,  as  exp 
f  fal lout 

mCi • km"2 
ef i  ciency 


on  bas 
of  se 
contam 
conte 
quite 
rd  to 
ntly  t 
were 
or  of 
s  was 
lived 

ctor ; 
in  mi  n 
h  Jose 

chara 
37cs, 
this  t 
i  c  a  1  p 
fal 1 ou 

waste 
er ,  CO 
ut ,  ar 

L  i  V  i  n 
39,240 

the  CO 
cl ide- 
ected 
)  or  0 
repor 
of  Pu 


ed  on 
diment 
i  n  a  t  e  d 
xt  the 
inter 
1.25  a 
he  thr 
from  t 
its  ra 
seen  a 
compon 

i  n  eva 
d  the 
ph  et 
cteri  z 

0  ^^Fe 
rocess 
t  55Fe 
patte 
ul  d  ag 
g  u  i  n  g 
gston 
Pu.  T 
re  was 
contam 
from  t 
f  137C 
ted  by 


Jg 


redepos 
s  depos 

by  sep 

range 
e  s  t  i  n  g  : 
t  the  s 
ee  rele 
he  1  ow 
t i  0 s  to 
t  Mills 
ent  of 
a  t  i  n  g 
Fe  ex 
al  (197 
ed  by  a 
the  ela 

to  137 
es  will 

is  unl 
rns .  T 
a  i  n  per 
ei  ther 
and  Bow 
he  inve 

too  sh 
inated 
he  cone 
s  (-65 

Living 


i  t  i  0  n 
ited 
arate 
indie 

nowh 
urfac 
ases 
end  0 

137C 
tone 
the  r 

thes 
pecte 
1)  es 

rati 
pse  0 
Cs  of 

affe 
i  k  e  1  y 
he  pr 

fectl 
from 

en  (1 
ntory 
ort  t 
sedim 
entra 
mCi  -k 
ston 


,  afte 
in  V a r 
waste 
ated  f 
ere  1  e 
e ,  or 
(Table 
f  the 
s.   Al 
Point 
elease 

e  data 
d  from 

timate 
0  55Fe 
f  4  55 

0.406 
ct  Fe 

often 
0  f  i  1  e 

y  wel  1 
its  si 
979). 
e  s  t  i  m 

0  incl 
ents ) 
t  i  0  n  d 


-2 


vs 


and  Bo 


r  res 
ious 

rel  e 
or  th 
ss  th 
to  1. 

3)  i 
range 
so  ev 
(abov 
s  fro 

it  i 

worl 
d  tha 

to  9 
Fe  ha 

or  s 
and  C 

to  d 
of  Pu 

be  a 
m  i  1  a  r 
or  f r 
ates 
ude  t 
show 
ata , 

the 
wen , 


uspen- 

parts 

ase 

e  ratio 

an  50%, 

40  at 

n  which 

of  its 
i d e n t  is 
e),  55Fe 
m  the 
s  im- 
d  w  i  d  e 
t  1962- 
OSr  of 
1 f-1 i  ves 
0 . 

s  in 
i  s- 

i  n 

1 1  r  i  b  u  - 
i  ty  to 

om  i  ts 
(all 

he  full 
1  arge 
of  55Fe 
range 
1979), 


Core 

diffu 

feren 

238PU 

curve 

ati  ve 

n  u  c  1  i 

from 

core 

at  th 

conce 

fact , 

stati 

cl  ear 


No.  3 

ser  r 

t  pic 

to  2 

of  2 

ly  CO 

de  CO 

the  r 

shows 

e  top 

ntrat 

i  s  n 

on  2 

ly  di 


,  aero 
elease 

ture  s 
39,240 

39,240 
n  t  i  n  u  0 
ncentr 
eactor 
unusu 
,  or  i 
ion  in 
0 1  d  i  s 
core  i 
f feren 


ss  the  Mo 
point  fo 
till.  Bo 
Pu,  and  t 
Pu  sugges 
us  sedime 
a  t  i  0  n  s  a  r 

wastes . 
al  variab 
n  the  7-9 

the  1-2 
t  i  n  9  u  i  s  h  a 
n  terms  o 

t  in  term 


ntsweag 
r  plant 

th  the 
he  cone 

t  that 
nt  depo 
e  showi 

The  ra 
i 1 i  ty  , 

cm  sec 
em  sect 
ble  fro 
f  its  C 

s  of  Cs 
27 


Channel  from  the  present 
effluent,  presents  a  dif- 
somewhat  elevated  ratio 
entration  vs  depth-i n-eore 

here  we  have  a  site  of  rel- 
sition,  and  that  the  radio- 
ng  significant  contributions 
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s  isotope  ratio,  although 

:Pu,  and  Pu  isotope  ratios. 
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Comparison  of  the  data  from  Core  No.  3  with  those  from 
analysis  of  sediments  from  the  mud  flat,  across  the  river 
and  a  little  north  of  the  diffuser  (Table  12,  below)  raises 
some  other  questions.   Although  the  137cs  is  about  50% 
higher  on  the  mud  flat,  assuming  the  top  6-cm  were  collected, 

the  Pu  concentration  is  significantly  lower  and  shows  no 
elevation  in  ^-^oPu.   In  fact,  on  the  basis  of  the  data  now 
in  hand,  the  mud-flat  sediment  looks  more  like  material 
transported  from  Bailey's  Cove  than  it  does  like  the  core 
from  across  the  river.   It  is  very  evident  that  SSpe  anal- 
yses would  help  clarify  this  interpretation,  as  will  134cs 
analyses  that  are  now  in  process. 
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55       23924U 
7)  mussels  we  have  found  ratios  of   Fe  to     '    Pu  in 

the  30  to  50  range,  significantly  different  from  the  value 
close  to  100  reported  here.   Too  little  comparison  data  is 
available  concerning  55Fe  in  nearby  mussels  for  us  to  be 
perfectly  sure  of  this  situation.   Inspection  of  the  lower 
half  of  Table  11,  as  was  discussed  above  for  Table  7, 
clearly  shows  that  the  neighborhood  near  Maine  Yankee  re- 
actor is  not  characterized  by  radionuclide  contamination 
of  mussel  sampl es . 

In  Table  12  we  have  set  out  the  data  from  another  experi- 
ment, prompted  by  the  reports  of  Noshkin  et  al  (1971),  of 
Fowler  et  al  (1975),  and  Beasley  and  Fowler  (1976a,  1976b) 
that  nereid  worms  took  up  substantial  portions  of  Pu  either 
from  water  or  from  a  variety  of  types  of  contaminated  sedi- 
ments.  A  commercial  worm  collector  obtained  for  us  a  large 
sample  of  sandworms  from  the  mud-flat  just  north  of  the 
Maine  Yankee  effluent  diffuser,  and  another  sample  from  a 
similar  mud-flat,  contaminated  only  by  fallout,  near 
Portland,  ME.   At  each  location  he  also  scooped  a  sample 
of  mud.   About  half  of  each  worm  sample  he  preserved  for 
us  in  formalin,   and  the  other  half  he  induced,  by  methods 
he  was  not  willing  to  describe,  to  purge  their  guts  of 
contained  mud  before  being  preserved.   The  worms,  and  the 
sediments,  were  analyzed  by  our  usual  procedures. 

137 
The  Wiscasset  worms  contained  elevated  levels  of    Cs  and 

of  Pu;  whole  worms  contained  137cs  at  a  concentration  about 
lOXand  Pu  about  22.7%  that  (estimated   )  in  the  wet  sedi- 
ment from  which  they  were  collected.   Cleaning  reduced  the 
137CS  in  worms  to  24%  and  the  Pu  to  7.7%  of  the  uncleaned 
value.   There  was  some  reduction  in  the  dry  weight  fraction 
of  worm  tissue  during  the  cleaning  process,  so  it  is  possi- 
ble that  not  all  the  loss  of  radionuclides  was  due,  simply, 
to  evacuation  of  gut  content,  but  we  have  little  doubt  this 
was  the  chief  process.   The  whole  worms  from  Portland  con- 
tained much  higher  percentages  of  sediment  tracer:   49%  of 
137CS,  and  53%  of  Pu;  also,  of  these  concentrations  higher 
fractions  were  in  the  tissues:   42%  of  137cs  and  19.3%  of 
Pu.   Another  indication  that  the  nuclides  from  the  fallout- 
contaminated  situation  were  somewhat  different,  chemically, 
than  those  from  the  reactor-contaminated  situation  came 
from  the  formal i n-sol ubi 1 i zation  data  shown  at  the  bottom 
of  Table  12:   The  latter  situation  produced  worms  with  only 
2/3  of  tissue  137cs,  but  18%  of  tissue  Pu, soluble  in  forma- 
lin, whereas  the  fallout  contaminated  worms  showed  all 
their  tissue  137cs,  but  only  12%  of  their  tissue  Pu  soluble 
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with  the  same  treatment.   Without  these  last  data  we  would 
be  inclined  to  suppose  that  the  Wiscasset  worms,  whose  ex- 
posure occurred  during  residence  in  a  very  small  area  of 
reactor-contaminated  mud,  simply  had  not  yet  come  to  equi- 
librium with  the  higher  tracer  concentrations;  this  is  a 
reasonable  contrast  to  the  Portland  worms,  all  of  whose 

lives  had,  by  definition,  been  spent  in  environments  con- 
taminated by  fallout.   The  solubilization  data  suggest 
strongly,  however,  that  there  are  differences  in  metabolic 
reactivity  of  the  tracers  from  fallout  or  from  reactor 
effluent,  that  fallout  tracers  are  considerably  more  avail' 
able  to  nereid  worms  for  tissue  uptake,  than  are  reactor 
tracers,  but  that  the  distributions  within  the  tissues  are 
still  different.   Evidently  this  is  an  area  of  investi- 
gation that  should  be  of  real  interest  to  NRC  as  it  is  to 

us . 


30 


70°40°W 


-   44''0'N 


-    43°50'N 
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TABLE  8 

Wiscasset,  Maine,  Area 

:e  Water  from  Montsweag 

[Radionuclides  in  disintegrations  per  minute  per  100  kg  water) 


Surface  Water  from  Montsweag  Bay* 


Station 

137cs 

90sr 

238p, 

239,240p^ 
0.21+0.02 

55p,l 

7 

22.5±0.2 

72.5±0.6 

<0.005 

11.8+8 

8 

28.8±0.3 

41.0±1.0 

0.004±0.004 

0.21±0.02 

8±1.4 

1   (outflow) 

26.0±0.2 

42.4+1.1 

<0.005 

0.27+0.03 

6.9+0.8 

*  =  See  Figure  2  for  station  locations;  samples  collected  5  January  1977. 
1  =  Decay  correction  to  1  January  1975. 
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TABLE  9 

Wiscasset,  Maine, Area 

Surficial   Sediment  Radiochemistry ,   I 
(Radionuclides   in  disintegrations  per  minute  per  kg  dry  sediment) 


Sample  , 
Location^ 

Date 
14  Aug  1974 

134cs  2 

137cs 
885±30 

'Sli'. 

2 

<20 

<0.02 

2 

25  June  1975 

16,000±600 

27.700+300 

0.58 

2 

8  Dec.  1975 

3840±230 

8.260±110 

0.46 

1 

30  May  1975 

340±50 

1.030±40 

0.33 

3 

30  June  1975 

10,600±500 

19,200±40 

0.55 

15 

II 

500±50 

1,620±30 

0.31 

16 

II 

lost 

lost 

-- 

137^3^2         238p,      239.240 p^     239,2K6p, 


Notes:     1  -   For  locations  see  Figure  2. 

2  -   Decay  corrected  to  date  of  collection 


4,04±0.73  95±2.7  0.043 

3.03±0.27  71±2.2  0.042 

3.55±0.41  98±4  0.036 

2.17±0.23  63±2.5  0.035 

7.6±0.5  174±5  0.044 

3.13+0.24  87±2.8  0.036 

0.80±0.08  22.4±0.6  0.035 
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TABLE  10 


Wiscasset,  Maine,  Area 

Sediment  Cores^  Radiochemistry,  II 
(Radionuclides  in  disintegrations  per  minute  per  kg  dry  sediment) 


A.  Core  #3  (Location  6 


Section 

cm 

W^t/Ory 
2.26 

"Fe^ 

134, 137^,33 

0.09±0.10 

238[, 
Pu 

6.4±0.4 

239.240p^ 

0-1 

534±5 

98±3 

1-2 

1.72 

994±8 

0.350±0.016 

4.2+0.4 

79±3 

2-3 

3-4 

2.34 

872±7 

5.8±0.5 

87+4 

4-5 

5-6 

2.68 

713±7 

3.6±0.3 

68.4±2 

6-7 

7-9 

— 

552±4 

0.06±0.12 

4.4±0.3 

101±3 

9-11 

11-13 

— 

lost 

lost 

B.  Core 

#4  (Location  2) 

0-1 

2.30 

8700±240 

10650+12 

0.35 

3.1±0.2 

75.2±1.7 

1-2 

1.88 

4580±135 

6765±25 

0.37 

1.5±0.25 

39.9+0.1 

2-3 

1.63 

3360+120 

7560±20 

0.36 

1.1±0.2 

29.8±1.2 

3-4 

4-5 

1.65 

670±50 

2050±8 

0.38 

0.40+0.12 

14.5±1.1 

5-6 

6-7 

1.69 

500±40 

1280±6 

0.35 

0.33±0.11 

8.0±0.4 

7-8 

8-9 

1.59 

430±50 

495  ±4 

0.35 

0.05±0.05 

3.4±0.4 

9-10 

10-11 

1.61 

335±40 

240±3 

0.033 

0.07+0.06 

4.9+0.6 

11-13 

13-15 

1.65 

lost 

lost 

lost 

lost 

lost 

15-17 

Inventories: 
mCi/km2:  61.7         .102       —         —       0.605 

%   estimated  delivery:    250%  83%  29% 

Notes:  1  =  For  locations  see  Figure  2;  samples  collected  5  January  1977. 

2  =  55 Fe  data  decay  corrected  to  1  January  1975. 

3  =  Decay  corrected  to  date  of  collection. 
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TABLE      12 

Wiscasset,  Me.,  Area :Environmental    Samples   -   Biota   II 

SANDWORMS   (Nereis   versicolor) 
(Radionuclides   in  disintegrations  per  minute  per  kg  wet  weight) 


Collection  ^ 
Sites 

Sample 
Whole  Worms 

Date 
1-9 

Aug. 

1977 

50.3+0.4 

"8p,/239p^ 
0.036±0.004 

239.240p^ 

Wiscasset 

4.71+0.145 

(Area  1) 

Cleaned  "  2 

" 

12.2±0.3 

0.023±0.010 

0.36±0.025 

Sediment  3 
4 

M 

1524±10 
(508) 

0.041±0.005 

62.5±1.6 
(20.8) 

Portland 

Whole  Worms 

11 

18.1+0.3 

0.036 ±0.007 

1.69±0.08 

Cleaned  " 

" 

7.6±0.3 

0.045±0.021 

0.325±0.029 

Sediment  '^ 
4 

II 

111±3 
(37) 

0.028±0.013 

9.57±0.82 
(3.2) 

Notes:         1     Wiscasset  worms   from  mud-flat  just  N.   of  diffuser;   Portland 

worms   from  area  expected  to  represent  only  fallout  i.oni.ami- 
nation. 

2  Cleaned  by  being  allowed  to    evacuate  gut  contents. 

3  Sediment  data  as  dpm  per  kg  dry  sediment. 

4  Sedinent  data  calculated  as   dpm  per  kg  wet  sediment, 
assuming  wet/dry  ratio  ="  3. 

Ratios: 


Wiscasset 

Tissue  concentration  as 
%  of  v-.'hole-worr.: 
concentration 

24% 

7.7:: 

Portland 

Extractions: 

II     II       II 

Fraction  of  each  nuclide 
soluble  after  44  days  in 
b^:  Formaldehyde  sea  vater 

42% 

19.3% 

Wiscasset 

Whole 

3% 

1% 

Cleaned 

63% 

18% 

Portland 

Whole 

4% 

8% 

Cleaned 

116% 

12% 
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In  a  way,  it  is  odd  that  we  have  not  found  a  site  with  re- 
actor contaminated  sediments  since  we  seem  to  have  found 
evidence  for  such  contamination  of  biota  in  several  places. 
The  relevant  data  concerning  samples  from  the  area  about 
Plymouth  are  set  out  in  Tables  14A  and  14B;  comparison  data 
from  mussels,  collected  either  in  Boston  Harbor  or  the  Cape 
Cod  Canal,  are  set  out  in  Table  15. 
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It  is  worthwhile  to  start  by  pointing  out  that  macroalgae, 
like  Fucus ,  Ascoph.yl  1  um,  or  the  mixed  Red  Algae  analyzed, 
are  wel 1  estab I i  shed  as  showing  seasonal  variability  in 

their  concentrations  of  many  trace  elements;  we  would  not, 
then,  expect  to  be  able  to  compare  directly  collections 
taken  at  different  times.   Much  the  same  is  proving  to  be 
true  of  mussels  (Bowen  et  al ,  to  be  published).   Examples 
of  this  phenomenon  in  the  case  of  macroalgae  are 
comparing  the  samples  from  station  1  (Table  14A) 
late  October  1976  with  those  collected  early  May 
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It  appears  that  the  seasonal  change  has  led  to  increased 
137cs  in  Chondrus ,  decreased  in  the  Red  Algae,  and  no 
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1971  period.  The  concentration  factors  in  algae  that  are 
indicated,  using  as  basis  the  data  of  the  water  sample  in 
Table  13,  range  for  137cs  from  20  to  150,  and  for  Pu  from 
1000  to  2000,  These  are  very  like  the  ranges,  for  Pu,  re- 
ported by  Livingston  and  Bowen  (1976). 
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TABLE  13 


Plymouth,  Mass.,  Area:  Water  and  Sediment  Radiochemistry 
(Radionuclides  in  disintegrations  per  minute  per  100  kg  water,  or  per  kg  dry  sediment) 


Part  A  -  Water  Analyses: 

Collection   Date  90      137       238n    239,240n,,  238^  ,239p,, 

Site:*    1976       Depth  -  cm        Sr       Cs       Pu         Pu    Pu/   Pu 

1+    Oct.    surface  36.2+0.6  32.0±0.5    N.M.    0.15±0.06 

Part  B  -  Sediment  Analyses: 

1  "         Oct.   20      0-3      Grab  66.1±1.5     0.29±0.04       8.2±0.3  0.035 

2  Oct.    19      0-4       Core  157±3        2.6  ±0.2       61.5±1.7  0.042 
4            Oct.    19      0-6       from  Anchor                       59.7+1.3     0.68±0.07     21.3+0.6  0.032 

Cape  Cod  Bay  Aug.  0-1       Core  187±6         2.5+0.3         101±3  0.034 

0.037 
0.038 
0.043 
0.036 
0.034 
0.032 


0-3 

Grab 

0-4 

Core 

0-6 

from  Anchor 

0-1 

Core 

1-2 

Core 

3-4 

Core 

5-6 

Core 

8-10 

Core 

12-14 

Core 

16-18 

Core 

187±6 

2.5  +0.3 

101±3 

181+3 

2.8  ±0.2 

75±2 

176±2 

2.6  ±0.2 

69±2 

181±3 

2.7  ±0.3 

62±3 

174±3 

2.5  ±0.3 

69±3 

198±3 

2.4  ±0.2 

69±2 

107±3 

1   ±0.1 

33±1 

Notes:     *  =  For  locations, see  Figure  3. 

+  =  Water  directly  from  Pilgrim  I  outfall, 
X  =  Sediment  from  plant  intake  basin. 


42 


o 


■-•  o 


en 

n 

O 

>a- 

VO 

"3- 

O 

c> 

o 

O 

o 

o 

o 

<-> 

O 

+1 

+1 

o 

+1 

+1 

o 

+1 

en 

vo 

e^ 

liJ 

o\ 

ro 

VO 

O 

CM 

CM 

ro     v£>    o     <-i     in    tn 
O     o    •— t     .— t     .— I    o 


o    o     o    o    o 


lO     ro     o    m 
o      •— I     t— I     o 


to     r^    c\j 

\0       CO      \£t 


in     po     f-t 


o  o  o 
+1  +1  +1 
vD    in    (c 


o     —•     — I 


o    --«    o 


O        O        .-H 


foo     o«— «o     ooo 


x: 

CM 

o 

^ 

'a- 

lO 

C\J 

m 

in 

in 

vt 

m 

in 

o 

CVJ 

CM 

•— « 

f— < 

o 

O 

f— » 

f-H 

O 

o 

o 

o 

o 

o 

.— * 

o 

o 

OsJ 

o 

o 

C\J 

o 

o 

<-) 

o 

CM 

r^ 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CD 

CO 

o 

+1 

o 

o 

tJ 

+1 

+1 

<r> 

+1 

+1 

o 

+1 

+1 

+1 

n 

+1 

n 

n 

in 

»^ 

r^ 

r^ 

+1 

in 

^ 

+1 

ro 

XT 

+1 

o 

ro 

in 

m 

C\J 

^ 

^ 

C\J 

t—i 

•— t 

in 

^ 

o 

o 

o 

en 

tn 

on 

in 

f-H 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

«— t 

o 

o 

o 

V 

o 

V 

V 

0) 

QJ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CL 

CO 

CM 

CM 

PO 

CM 

^ 

ro 

^ 

in 

o 

CM 

ro 

^ 

CM 

4-> 

tJ 

O 

O 

d 

d 

d 

d 

d 

V) 

+1 

+) 

+1 

+1 

C5 

+1 

+1 

+1 

o 

l—t 

d 

+1 

o 

<-) 

O 

CNJ 

^ 

in 

0^ 

+1 

t— t 

r^ 

o^ 

+1 

+1 

+1 

ro 

+1 

CT^ 

+1 
CT> 

in 

ro 

^ 

r^ 

on 

CM 

«— < 

o 

(\j 

«— ' 

^ 

a\ 

ro 

rH 

CM 

to 

r^ 

•— 1 

CM 

in 

<Tt 

CO  CO  ro 

d  .-J  d 

+1  +1  +1 

.-H     uo  "a-  00 

+1 

m      ro  ^  ro 


,- 

o 

> 

c 

+j 

Jj 

tj 

1- 

m 

C7> 

0) 

<U 

u-       o    a 


oooooooaoooa 


o  •■- 

E  .- 

>»  <J 

I—  3 


Q.  .— 


CT» 


m 


n 

o 

.^ 

c 

o 

o 

■f- 

4-> 

<A 

.r- 

I — 

o     .- 

w 

F 

<D 

■M 

Irt 

■4~> 

c 

b- 

b 

3 

3 

o 

c: 

3 

1. 

U 

1 

^- 

o> 

3 

i^ 

<u 

u 

fc 

1 

r— 

3 

1 

1 

1       1 

u 

-o 

<D 

u 

3 

■o 

«/l 

CJ 

1 

1 

Oi 

-C 

o 

t/1 

a> 

m 

a> 

a> 

^ 

V) 

<1> 

fD 

0) 

la 

c 

rtj 

=3 

> 

o> 

(/> 

t/> 

ro 

>> 

> 

>> 

cn 

•^ 

V) 

cn 

U 

3 

3 

m 

-C 

XI 

<r 

1^ 

«/l 

ex 

< 

o 

r^ 

<t 

<o 

o 

-J 

o 

•!-» 

<u 

o 

I) 

-D 

f- 

■4-> 

c 

i- 

u 

o 

-o 

■M 

TJ 

-o 

r 

-» 

(U 

o 

>-l 

3 

<4-> 

3 

i/l 

QJ 

>1 

<U 

o 

U- 

Of 

1^ 

00 

—1 

in 

00 

in 

LL. 

<t 

cn 

-J 

z: 

LU 

in 

<M 
CM 

CO 
CM 

CM 

00 

CM 

cn 

CM 

in 

CsJ 

>> 

a> 

>» 

CT> 

cn 

+j 

>» 

4-> 

£ 

= 

- 

3 

= 

5 

3 
< 

3 

u 
o 

- 

- 

- 

~ 

s: 

O 

"     " 

CM       CM      CM       CM       CM      CM 


CM      CM       CM      CM      CM 


43 


o     en 
O     O 


£3 

o 
o 


^3- 


O      OD 
O  CD      ■-> 

Z         O     O 


in    n 
o    o 


o 


«a- 

"O 

CSJ 

m 

«:r 

M- 

in 

CO 

CTi 

o 

o 

o 

o 

o 

o 

CO 

o 

O 

.—1 

o 

o 

o 

o 

o 

> 

o 

o 

o 

+1 

+1 

+1 

+1 

+1 

o 

+i 

+1 

+1 

o-i 

1^ 

LD 

Ol 

LT) 

+1 

r^ 

p^ 

CM 

<a- 

LD 

t^ 

ID 

n 

lO 

p^ 

kO 

p~. 

f— t 

«3-  Q 
c\j    tn 
o    o 
•    o 


o 


a> 

3 

-C 

i/i 

Ol 

ro 

l- 

■»-> 

l(- 

O 

cn 

CO 

^ 

1 

s_ 

OJ 

in 

U- 

0) 

f~- 

0) 

a. 

■!-> 

a^ 

CM 

»—* 

I— t 

r-( 

o 

O 

o 

C5 

O 

3 

■ 

O- 

<z> 

O 

o 

CJ 

o 

00 

+1 

+  1 

+1 

+1 

+1 

CO 

CO 

CO 

CO 

in 

CM 

CSJ 

CM 

o 

o 

o 

o 

in 

00 

r^ 

«3- 

(M 

O 

.—1 

o 

C7 

o 

O 

CM 
O 

o 

o 

o 

o 

O 

o 

d 

d 

C3 

+1 

o 

+1 

+1 

+1 

+  1 

in 

+1 

CM 

CO 

00 

lO 

(Nl 

CM 

CO 

f— 1 

o 

o 

o 

O 

t— t 

o 

o 

o 

, — 

(_> 

ID 

1- 

r~ 

*-> 

OJ 

CO 

C 

a. 

f— t 

CO 

Ol 

•=a- 

l- 

irt 

c: 

c 

o 

o 

LiJ 

s- 

•r- 

_l 

.,— 

■M 

m 

> 

lO 

■a 

c 

1- 

t— 

LU 

Ol 

CM 

<U 

03 

lO 

*-> 

U. 

Oi 

c 

ID 

i- 

■1 — 

m 

et 

in 

o 

CM 

O 

+1 

PO 

+  1 

in 

+1 

O 

f— t 

in 

CJl 

+1 

+1 

* 

"3- 

CO 

CO 

ID 

(M 

CM  .  CO  CO  ^ 

.  O  ... 

O  +1  o  o  o 

+1  in  +1  +1  +1 

o  .  t— I  in  in 

.  CM  •  .  • 

CM  i-H  CO  CM  »— < 


•       +1 


in 
o 
o 

o 

V 


d 

+1 

CM 
CO 


CD 

2: 


OJ 


3 

o 


T3 
0£ 


Ol 

o 


i/i 

3 

t/> 

O 

in 

3 

1 — 

O 

3 

■o 

in 

0) 

OJ 

> 

in 

3 

</) 

3 

.^ 

O 

■!-> 

<u 

t- 

T3 

o 

>,— 

•f— 

in 

O 

tA 

Ul 

en 

m 

I/) 

tn 

l/l 

•r— 

c 

>, — 

•  1 — 

c 

>,— 

■r— 

•(— 

O 

, — 

(O 

, — 

f— 

o 

f— 

, — 

f— 

s- 

3 

3 

3 

. — 

3 

3 

3 

<u 

■o 

■D 

-o 

"O 

■o 

■o 

"O 

^ 

01 

j:3 

0) 

<u 

fC 

0) 

QJ 

OJ 

l/> 

Ol 

c 
•>-  c 

•!->    O 

cu  +J 

1—  o 
I—  cu 
o.— 

Or— 

o 
<*-  u 
o 

M- 

C   O 

o 

■I-  OJ 
■!->  +-> 
fO  fCJ 
UTD 
O 
.—    O 

1- 

o-o 

<*-    0) 
■!-> 

CO  u 

a> 
01  s- 

!-  S- 
3  O 
Ol  O 


01 
-O 


c 

(U 

a. 

Ol 

<: 

O) 
OJ 


o 

c 
o 

X 

IT3 


O) 


C  "O 

Ol 


u 

<D 

o 

C 

3 

7> 

03 

_J 

r^ 

r-^ 

r-     = 

in 

in 

CX3 

c 

3 

0) 

c 

3 

Ol 

3      = 

E 
— 1 

4-> 

■l-> 

CL 
l>0 

. 

1 — 
P-- 

CO 

CO 
CM 

CO 
CM 

00 

,—i 

in 

CM 

in 

a. 

Ol 

tn 

c 

3 

- 

cn 

3 

*-> 

Q. 

0) 
l/l 

a. 

3  n3 

O)  o 

OJ    CU 


o  o 


i/i  in 

+J    Ol 

c  in 
3    >, 

O  f— 
U     lO 

c 
QJ  in 

(D  OJ 
U  ■!-• 
•I-     HJ 

.—  o 

Q.->- 

3  .— 
■O    Q. 
3 
I  <4-  T3 
1    O 


in    03 

OJ    OJ 


I     I      I 

,-ICM    CO 


0) 

o 


o   « 

QJ  +J 

I —  -^ 
>—  oo 
o 
<_) 


CO       C^      CO        CO       CO 


in 

c  ^ 
S    c 

O  lO 
i-  OQ 
00 


/"A 


TABLE  15 

Biota  Samples  for  Comparison^  to  Plymouth  Area  (Tables  14A  +  14B) 
(Radionuclides  in  Disintegrations  per  Minute  per  Kg  Wet  Weight) 


Collection  Site 

3 
Boston,  MA 


i 

Cape  Cod  Canal 


Date 


Organism 


137 


Cs 


238 


Pu 


239,240 


Pu 


241 


Am 


9-22-76  Mytilus  edulis  1.8±0.3             0.002  0.11±0.02  0.008±0.004 

8-18-77  "               "  2.1±0.2  0.004±0.002  0.16±0.01  0.02  ±0.01 

9-25-76  "               "  1.9±0.3  0.012+0.006  0.13±0.02  0.020±0.008 

8-19-77  "               "  3.9±0.2  0.021±0.005  0.26±0.02  0.05   ±0.01 


Notes:      1  =  See  also  fallout-contaminated  mussel    data  on  Tables  7  and  11. 

2  =  Soft  parts  only 

3  =  About  32.5  miles  NW  of  Pilgrim  1  reactor  site 

4  =  North  end  of  canal;  about  17.5  miles  south  of  Pilgrim  1  reactor  site. 
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A   set   of  more-or-less    specific   conclusions    follows: 


Concl us  ions 

Nuclides  Studied 

55Fe  is  clearly  a  major  waste  product  of  each  of  the 

reactors  studied,  approximating  the  levels  of  60Co 
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Appendix  Table 
Common  Names  and  Taxonomic  Details  for 
Organisms  listed  in  Tables  7,  11,  12,  14A-B,  15 

Plants^  Common  Names 

A.  Brown_A]^gae 

Fucus  vesiculosus  Rock  Weed 

Ascophyllum  nodosum  "    " 

Laminaria~Tongi cruris  Kelp 

B.  Red_A1^3ae 

Chondrus  crispus  Irish  Moss 

Mixture:  Ceramium  rubrum     Irhipflv      '^°"^ 
Spermothamnion  lurner)^'''^^'-y       " 

Phycodrus  rubens    )cnmo         " 
Phyllophora  brodiaei  )^°^^ 

Animals 
A.  AnneHda^  Worms 

Nereis  virens  Sandworm;  Clamworm 

B-  Mgllyscs  2  Shellfish 

Bivalves  ^ 

Crassostrea  virginiana  Oyster 

Spisula  soTidissima  Surf  Clam 

Mytilus  edul is  Blue  Mussel 

G?!k2P9Ls  '  Snails 

Lunatia  heros  Moon  snail 

Buccinum  undatum  Waved  Whelk 

Littorina  littorea  Common  Periwinkle 

C.  Crustacea^ 

Balanus  balanoides  Barnacle 

Homarus  americanus  Lobster 

D.  Echinodermata  2 

Stronqyl ocentrotu s  drobachiensis         Green  Sea-urchin 

E.  Birds  ' 

Somateria  mollissima  Common  Eider  duck 

Notes:  '  -  Taxonomy  from  Kingsbury,  1969. 
^  -  Taxonomy  from  Smith,  1964. 
^  -  Taxonomy  from  Robbins,  et  al ,  1966. 
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